A series of new Schiff bases containing the Hantzsch pyridine skeleton has been synthesized by reaction of an appropriate aldehyde with 2,6-dimethyl-3,5-pyridinedicarboxhydrazide. The structure of the final products, which was highly dependent on the nature of the starting aldehyde, could readily be ascertained by their spectral data. 2,6-Dimethyl-3,5-pyridinedicarboxhydrazide itself and some of its derivatives emerged as potential interferon inducers.
Introduction
As part of our joint research project 1, 2 aimed at the rational design of pyridine-containing macrocycles [3] [4] [5] [6] to afford drugs exhibiting high antiviral potency, we recently focused our attention on derivatives articulated on Hantzsch pyridines, which are known to be the first metabolites 7 of the corresponding 1,4-dihydropyridines frequently used in the treatment of cardiovascular diseases. 8 In this paper we wish to report that the 4-unsubstituted 2,6-dimethyl-3,5-pyridinedicarboxhydrazide (2) is an excellent precursor for the preparation of a variety of new Schiff bases, including a macrocycle characterized by a 22-membered ring that incorporates four aromatic systems. Interferon-inducing activity of those original compounds was studied in vitro.
Results and Discussion
In the laboratory Hantzsch pyridines [9] [10] [11] [12] [13] are readily prepared by a two-step sequence (Scheme 1).
The first step is a multicomponent reaction effected from an aldehyde, a β-ketoester, and ammonia that yields a 1,4-dihydropyridine. The so-obtained heterocycle can then be oxidized by a plethora of reagents. For the purpose of this work, the parent derivative (1) was converted into the dihydrazide 2 by treatment with hydrazine and the targeted imines (Scheme 2) were obtained by condensation with appropriate aldehydes in ethanol in the presence of acetic acid. Interestingly, we noticed that reaction of 2 with an excess of 2-hydroxy-1-naphthaldehyde, 2,4-dihydroxybenzaldehyde or 4-indolecarboxaldehyde invariably yielded the corresponding monoimines 10-12. That can reasonably be attributed to solubility reasons because those compounds (10-12) precipitated as they formed.
Starting from 2 and 2,6-bis[(2-formylphenyl)oxymethyl]pyridine (13), the macrocycle 14 (Scheme 3) could be isolated in 65 % yield when the experiment was carried out under high dilution conditions, as described earlier. 14 As expected the final compounds were characterized, in the IR spectra, by an intense carbonyl band between 1620-1660 cm -1 and low absorptions due to the N-H stretching between 3130 and 3400 cm -1 . The C=N imine double bond gave rise to a peak between 1595 and 1640 cm -1 . In addition to those features, the IR spectra of derivatives 3-5, 10, and 11 also exhibited bands attributed to the O-H vibration between 3400 and 3600 cm -1 . In the 1 H NMR spectra, the imine proton could be detected by a signal between 8.00 and 8.20 ppm for all substances. Under electronic impact, the molecular ions appeared to be fairly unstable as their intensity varied from 0.1 % (for 6) to 40 % (for 3). The most intense peak sometimes resulted from an acyl rupture (derivatives 3 and 8) but most often could be attributed to the formation of the RCN + radical ion as indicated in Table 1 . + at m/z = 802
Spectroscopic data suggested that all reactions yielded one isomer only but they do not allow to ascertain their spatial configuration. One could however anticipate that the E isomers are the most stable forms. That assumption is well supported by some theoretical calculations 
10-12
OH OH Interferons (IFNs) are the group of immunoregulatory proteins synthesized by T lymphocytes, fibroblasts, and other types of cells following stimulation with viruses, antigens, mitogens, double-stranded DNA, lectins, or some low molecular compounds. IFNs are classified as alpha and beta, which have antiviral properties, and as gamma which is known as immune IFN. They enhance the ability of macrophages to destroy tumor cells, viruses, and bacteria. IFNs alpha and beta are acid stable and synthesized mainly by leukocytes and fibroblasts. IFN gamma
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Page 123 © ARKAT USA, Inc is acid labile and is formed mainly by T lymphocytes stimulated by antigen or mitogen. Whereas the ability of IFNs to prevent infection of noninfected cells is species specific, it is not virus specific. Essentially, all viruses are subject to their inhibitory action. IFNs are not themselves viricidal. They induce formation of a second inhibitory protein that prevents viral messenger RNA translation. That fact has widely encouraged identification and development of agents capable of inducing production of interferon. Among the derivatives we prepared, only the parent compound 2 and the imines 8, 9, 10, and 12 fulfilled the solubility conditions for screening. The interferon-inducing properties of those five substances were determined by using human leukocytes (3 millions cells/mL) and levels of produced interferons were subsequently measured by inhibition of vesicular stomatitis virus replication in A549 cells. 16, 17 The results of the study, in which poly(I:C) was used as the reference inducer, are collected in Table 2 .
The data indicated that the monoimine 10, bearing a β-naphthol moiety, was an effective but poor inducer. The parent derivative 2, the bisimine 9 bearing crown-ethers substituents, and the indole monoimine 12 were 8-fold more active than 10. Remarkably, substance 8, characterized by the presence of 4-pyrazolyl rings on the nitrogen atoms of the imine groups, was highly active and could compete with poly(I:C). All studied compounds induced acid stable interferon that is classified as alpha interferon.
Mention should be made that compound 2, at a dose of 100 µM, exhibited also an antiherpetic effect on type 1 herpes simplex virus (HSV) strain US using the cytomorphological method. 18 Indeed it decreased the number of infected cells to 52% (Control=100%). A detailed morphological study of the infected cells had shown that intranuclear virus-specific inclusion bodies formed in presence of 2 were optically more friable and transparent then inclusion bodies formed in the absence 2. These changes indicate failure of virus replication cycle and defective viral particles forming under action of 2. Anti-influenza activity of 2 against influenza virus strain A/Hong-Kong/1/68(H3N2) was also measured using the method of inhibition of viral replication in chorioallantoic membranes of chicken embryos. 19 However 2 appeared to be devoid of effect.
Conclusions
We found that Schiff bases derived from 2,6-dimethyl-3,5-pyridinedicarboxhydrazide could readily be synthesized. Despite their poor solubility, some of those Schiff bases constituted promising interferon inducers. In particular, compound 8 emerged as an interesting lead that was only two-fold less active than Poly I:C.
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Page 124 © ARKAT USA, Inc Experimental Section General Procedures. Starting reagents and solvents were obtained from Aldrich or Acros. IR spectra were obtained on a Specord M-80 spectrophotometer. 1 H NMR spectra were recorded on a Bruker WM-300 (300 MHz) spectrometer using tetramethylsilane as an internal reference; chemical shifts are given in ppm. Mass spectra were recorded with a Varian MAT-112 mass spectrometer using the direct inlet system with ionization energy of 70eV, an emission current of 100 µA, and ion source temperature of 220 o C. FAB-MS were recorded on a VG 7070EQ mass spectrometer using an Argon atoms beam of 10 KV. The elemental analyses were carried out at the microanalysis laboratory of the Physico-Chemical Institute of NAS, Odessa, Ukraine. 2,6-Dimethyl-3,5-pyridinedicarboxhydrazide (2) 20 and 2,6-bis(formylaryloxymethyl)pyridine (13) 21 were prepared according to described procedures.
General procedure for the preparation of compounds 3 -12
A solution of 2,6-dimethyl-3.5-pyridinedicarboxhydrazide (0.223 g; 1 mmol) in ethanol (30 mL) was added to solution of aldehyde (4 mmol) and acetic acid (1 mL) in ethanol (50 mL) under stirring. After a reaction period (TLC) ranging from 0.5 to 5.0 h depending on the nature of the aldehyde, the precipitate was filtered and washed with ethanol. Recrystallization from a mixture 
